Benzyloxycarbonyl-L-alanyl-o-phenylalanyl-L-proline monohydrate, C2,H2,N30,. H 2 0 , crystallizes in the orthorhombic space group P2,2,2, with four molecules in a unit cell of dimensions a = 9.594 (9), b = 9.705 (4) and c = 27.9 17 (12) A. The structure has been refined to an R value of 0.067 for 2046 observed reflections.
Introduction
Structural studies on small proline-containing peptides with all L, and mixed L and D sequences are valuable in elucidating the role of prolyl residues in determining the conformation of proteins, polypeptides and peptide antibiotics. We report here the crystal structure of the monohydrate of benzyloxycarbonyl-L-alanyl-D-phenylalanyl-L-proline, a proline-containing tripeptide with LDL sequence. In view of the importance of bound water molecules in the structure and function of proteins, it was also of interest to investigate the influence of the lone water molecule in the structure on peptide conformation and crystal packing.
Experimental
The compound was crystallized from an aqueous methanol solution. The space group and the unit-cell dimensions were determined from X-ray diffraction photographs. The cell parameters were subsequently refined on a CAD-4 four-circle diffractometer. The density of the samples was measured by flotation in aqueous potassium iodide solution. The observed density [la260 ( 5 ) Mg m-31 agrees well with that (1.262 Mg m-3) calculated for four peptide molecules and four water molecules in the unit cell.
Intensity data were collected from a specimen of dimensions 0.7 x 0.4 x 0.3 mm on a computercontrolled CAD-4 diffractometer employing the co-28 scan up to a maximum Bragg angle of 75" using graphite-monochromated Cu Ktr radiation. Of the 2582 reflections collected in this range, 2046 having I > 20( I ) were used for structure determination and refinement. The intensities were corrected for Lorentz and polarization factors but not for absorption ( p = 0.78 mm-' for Cu Ktr radiation).
Structure analysis
Although the structure contained only 35 crystallographically independent non-hydrogen atoms and the space group was favourable, structure solution using direct methods turned out to be somewhat difficult. Attempts at phase determination employing M U L TAN (Germain, Main & Woolfson, 1971) using normal E values as well as those normalized separately in different parity groups and different ranges of Bragg angle were of no avail. E values were then calculated using group scattering factors for the two six-membered rings and the pyrrolidine ring in the structure. A chemically sensible fragment containing 1 2 atoms could be identified with difficulty in the E map corresponding to the best set of phases produced by MULTAN using these E values. This fragment was input with random orientation and random position in the next MULTAN (1977 version) run. The subsequent E map based on the best set of phases revealed the positions of 29 out of the 35 non-hydrogen atoms. The rest of the atoms were located from a subsequent difference Fourier map.
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Discussion

Bond lengths and angles
The bond lengths and the valency angles in the structure, given in Table 2 , are by and large close to the respective standard values (Vijayan, 1976) . A few bonds in the phenyl and the pyrrolidine rings, however, are abnormally short. All these bonds are associated with atoms having high thermal parameters. The shortening of the Cp-Cv bond in the prolyl residue, a feature also observed in several other crystal structures (e.g. Kartha, Ashida & Kakudo, 1974; Karle, 1974) , is of particular interest as it appears to be related to the conformational flexibility, albeit limited, of the pyrrolidine ring. Most of the conformational possibilities of the ring can be described as arising from the displacement of Cp, C y or both from the plane defined by the rest of the atoms . These displacements can assume a continuous range of values thus giving rise to the possibility of static disorder in a direction perpendicular to the plane of the ring. This disorder, along with thermal vibrations, could lead to highly anisotropic temperature factors for Cp and Cy, and a consequent shortening of the Cp-Cv bond. In the present structure, the B values along the principal axes of the thermal-vibration ellipsoid of Cy are 20.2, 8 -6 and 4.2 A2; the corresponding values for Cp are 10.8, 8.3 and 3.3 A2. In both cases, the major axis is nearly perpendicular to the mean plane of the five-membered ring, the angle between the major axis and the plane normal being 4.6 and 24-2" for Cy and Cp respectively. The C p-Cv length corrected for the temperature factor is 1.499 and 1.582 8, when the vibrations are approximated to 'riding motion' and 'uncorrelated motion' respectively (Busing & Levy, 1964) . Although neither approximation corresponds to the real situation, the values do indicate that the shortening of the bond can indeed be explained in terms of the appropriate thermal parameters.
S ide-c ha in con f o rm a t io n
The prolyl residue assumes a C2-CY-ex+CP-endo conformation 
C( I)-C(6)-C(5)
116.9 (9) C( l)-C(6)-C (7) 122.0 (8) C(5)-C(6)-C (7) 121.1 (8) C(6)-C(7)-0 (8) 108.1 (8) C (7)-0(8)-C(9) 116.2 (6) 0(8)-C (9)-0(10) 123.6 (7) (20) 119.9 (7) C ( 18) 
Backbone conformation and the intramolecular water bridge
A perspective view of the molecule is shown in Fig. 1 . The lone water molecule in the structure, which bridges the two ends of the molecule through hydrogen bonds with the carbonyl 0 in the benzyloxycarbonyl group and one of the 0 atoms in the terminal carboxyl group, is also shown in the figure. The dihedral angles which define the main-chain conformation (IUPAC-IUB Commission on Biochemical Nomenclature, 1970) are listed in Table 3 . All the peptide groups in the molecule are trans and nearly planar with 5.7O as the maximum value of dw. The q, w values of the prolyl residue may be considered as corresponding to those for the polyproline I1 structure whereas those of the phenylalanyl residue are those appropriate for the p structure.
In spite of its participation in an antiparallel sheet in the crystal structure (see below), the alanyl residue has p, tp values substantially different from those for an ideal p structure, presumably on account of the distortions introduced by the formation of the internal water bridge. Geometrical features of the hydration of peptides in crystal structures have been studied recently by Yang, Brown & Kopple (1979) . This study indicates that intramolecular water bridges have been observed so far only in cyclic peptides [even in cyclic peptides, the water molecule appears to play an important role in determining peptide conformation only in antamanide (Karle, 1977) l. Thus the present structure constitutes the first example of an internal water bridge in a linear peptide. The role of the water molecule here appears to be the initiation of chain-reversal, which is often achieved in peptide chains through the formation of a b-turn stabilized by a 4+1 hydrogen bond.
Bound water molecules are believed to play an important role in maintaining the structural integrity of proteins, probably by contributing to the local stabilization of conformation (Finney, 1977) . It has been noticed in protein structures that more water molecules bind to the main chain than to side chains. Although the main chain has an equal number of CO and NH groups, more water molecules are known to bind to the former than to the latter in proteins (Finney, 1977) as well as in small peptides (Yang et al., 1979) . Thus the main-chain CO groups are the most important loci for water binding in polypeptide chains. In this context, the present structure provides a possible model, at atomic resolution, of a structurally important intramolecular water bridge involving two main-chain CO groups.
Crystal structure and hydrogen bonding
The arrangement of the molecules in the crystal structure is shown in Fig. 2 . The parameters of the hydrogen bonds, which along with van der Waals interactions stabilize the crystal structure, are given in Table 4 . An interesting feature of the structure is the presence of an antiparallel hydrogen-bonded sheet involving the alanyl and the phenylalanyl residues. This sheet extends over the entire crystal along the direction of the hydrogen bonds. The only other crystal structure in which such an arrangement has been observed appears to be that of trialanine (Fawcett, Camerman & Camerman, 1975) . The sheet accounts for two crystallographically independent N-H a 0 hydrogen bonds. In addition, there are three 0-Ha -a 0 hydrogen bonds in the structure, two of which are involved in the internal water bridge referred to earlier. In the third 0-H S O hydrogen bond, the water molecule accepts a proton from the terminal carboxyl group of an adjacent peptide molecule. Another interesting feature of the crystal structure is the spatial segregation of non-polar and polar groups. In fact, they form alternating layers perpendicular to the c axis, one layer made up of the phenyl and the pyrrolidine rings and the other consisting largely of peptide units and water molecules.
